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Abstract: This paper proposes a simple and efficient method for creating three-dimensional prototypes based on
sketching silhouette curves and super-quadric-surface metaballs. Given a silhouette curve, it is first approximated
with a set of circles or ellipses. By introducing the third dimensional parameters, a super-ellipsoidal metaball is
received for each circle or ellipse. Finally, an analytic implicit surface is constructed by summing the fields of all
metaballs and optimizing all parameters. The resulting shape can be conveniently modified by adjusting the
positions and shape parameters of metaballs. Different components of a model can be similarly designed by
sketching on the different projection planes. This method supports simple solid modeling operations, such as adding,
subtracting, semi-sweeping, and is able to generate variants of shapes easily. This method can be applied to
designing prototype in the conceptual design stage for computer graphics or computer aided design applications.

Key words: 2D silhouette curve; implicit surface; metaball; modeling; shape approximation
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M) FE A B Az o 50D JLART 5 P, FRATT T AR vk — 28 LU AR AR TR (I 5 A o~ A2 ). B 6 BT s ) <SR 1
BRI Ry MK 015, Lz J7 4R % n b 4 LR 4 R

ST s
W2 S

Fig.6 Creation of the “QiuShi” eagle model
Ko <RE K =YL

2.4 pmEKE

4R (¥ JOERAR A 3 57 22 J L SCIR A5 35 i 17 5 AN BE DR UE G 58 B 2 1) LU IE 3T O 1 4 80 L A AR 1 3 Y
OB BT EE A A SR D MR CER R A T AR JCER I S HL T IRATHI LA H A0 T R Lk b
(K RAF AL T 1 F(p)—t=0 & LI TCER i T L, B HER S50 A7 2 b7 17 9 32560 K/ B AR E{E Rye,n 1T P
LT R AN S W T 0T 2k F I A 4 SR B, 7 LA I S H00 Ria.Rip M .

FATTIURL P 10 S i i N a5 B 6 R AR ML SCRE R 5

Ew =%§(F<p)—t)2 (13)

Hobp RFESE M Bl —AKRES,m USRS MR SRR S AN BCIRATTR T L Bl 3o i 7 e
(13) sk W /IMEL B T 43 B AL IS B TCER S HL R 4,Ri b, o F6 1R o, R RO AA BB i 1 45 280 PR o A A2, o
I 1.OFAESEE0 b AT A B, 1 JC BRASCHE 5 22 1 I, 4 JR PR A A T 2 9 B 110 T L DR b, AT 1SR D 17 5 A SR A6
ZHCEA AT RAC T T7E B HE ARG 3~5 U5, 7T AR 21 LB BRI R R I 7 s i 23 S ARAE 1 R 5 2K
TR AR TR (10 280 SR Vel AN Al R B, A i PR ASS R TSR A B S8 o3 b 1 B () 4 5 TR FK s 5% 2 i ) v i, P
T(b) TR hy A 48 3 A Ak T 45 30 R 0 G RS F (R 0.23. 404k 1 YRS, JCRE (Bl 0.174, 10118 7(c) T 7. 1 E 7(d)
iR A ES 5 RO IG SRAF I B, L GE &5 0 0.031, N 0.109s.

(a) A 2D silhouette curve and (b) Initial metaball surface (c) Dolphin model with (d) Dolphin model with
its medial axes without optimization one optimization five optimizations

() —dEseBrge AL (o) BOAUALKIPIERCERTT (o) P61 DR IIRIKEEAL  (d) PRAK 5 S i IR 2

Fig.7 Dolphin model constructed with the spherical metaballs
Bl 7 A R 2R T B AR TR A 3 (1 A R
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3 REER

ARSI T —FhIE T Y50 Rk i U BRI B 5 VA SO VR — 4 SRR B AU — AN JUER R G, T 3R AR
A YR S A AR A AT AT o AR L 5 A 2 40 R A R 2k 4% 1 O g B G R R G HEAT A 2K ks
AT a0 & 11~ 13 s, i1 T FRATI S Al B T IR 2 ek oy vE, AN T e % 7= A6 e A2, a1 6.
12, & 13 FioR. 34175 KL & A Intel Core Duo CPU T2450 2.0GHz CPU+1G RAM (¥ 2E 10 A< F i b S 7 123 20
D75 28— S fgi) PR 3 gt v 4 o ot 1 22 320 T AR 28 1) 090 s 5 25 453 310 70 K S (0 B s L& 1.
Table 1 Statistics for the test data

F1 WMkEHEIIER

S Medial circular or :
amples elliptical approximation By
number
Model on the Time for medial Time for Energy
silhouette Type Number circles and ellipses parameters Total
generation optimization

Fig.7(c) 95 Circle 92 0.016 0.109 0.125 0.031
Fig.8(a) 95 Circle 40 0.016 0.062 0.1 0.044
Fig.8(b) 95 Circle 62 0.031 0.078 0.11 0.032
Fig.8(c) 95 Ellipse 39 0.016 0.188 0.21 0.032
Fig.9(a) 110 Ellipse 41 0.063 0.235 0.3 0.048

Fig.9(b) 110 Ellipse 61 3.75 0.3 4.1 0.04
Fig.10 188 Ellipse 48 0.095 0.344 0.44 0.037
Body 93 Circle 67 - 0.094 0.109 0.033

Tail 25 Circle 43 - 0.016 0.016 0.033

Fig.11 Right back leg 62 Circle 80 - 0.063 0.078 0.032
' Left back leg 60 Circle 76 - 0.063 0.07 0.039
Right front leg 55 Circle 64 - 0.046 0.047 0.036

Left front leg 51 Circle 62 - 0.047 0.062 0.042

Fig.12 Board 122 Ellipse 34 0.031 0.219 0.25 0.009
i Human model 152 Ellipse 111 0.062 0.532 0.6 0.019

8 AR B 2 Sl A5 P R 2R G gt o A R 2R G RR ot 1A 3 R I OB f 25 R R B 8(a) I 2 PR
XA IS TR PR 6 R e AT PP A il SO 40 A [ 3 30T P 45 38, B 8(b) 1) e B i 0 A+ 1) (1) 6 B £ A P 8 () 7
Rt A 62 A B HEAT & I R 45 2R, B 8(c) Il v i) 2 I AE P 8(a) R 158 i 30 Fr) il A 1T 39 MY 2847 3&
SR AT b i 2 EOBCE N R <<0.4,n=2. A& 8 Kyt (AL 45 SR T LU HY A P A IR LT BRBERLL
B LU A B D K 3 5 RS i S ' SRR R R R Y T A S ALL T AR 2R ek o i ) 3 3 R
RORLA B 62 Al 5 IE U fe k.

(a) Modeling result with 40 spherical metaballs  (b) With 62 spherical metaballs (c) With 39 ellipsoidal metaballs
(a) flH 40 NERTYTTER 138 B 45 21 (b) i 62 MERALCERIIERISH (o) I 39 MHERALTCER ¥ AL 45 1

Fig.8 Comparison between the models using the spherical and ellipsoidal metaballs

K8 A AR MR AL O BSR4 T 3 20 [ &4 2R B A

9 JIT 718 A 53 330 SR AN [ FR AR 158 A P S0 3R A (10 R 44 P 10 8 30 % e 2% PR R 2R G RS R Sl O 25 2R
(M 20 R ¢<0.4,n=2). i S50 45 R BATT AL, R 2 T I AR S AN m A1 T rp e 2 006 PR I B R BOR A 22 AN
OR3P A 2 PR SR AR 28R ORI 2 T U i AN R R S5 1L 9 () 2 v il 2k 100 A 1) 24 ol B9 2 il
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41 AN [ 4 A FE I 63ms; 11 P 9(b) P i T SRAE st FRIA 50 2 e S0 A 1 61 AN 53] S5 43 4% FE IR 3 750ms. PAT 1T
A T 3 AR R rh BT R T rp Al e 1) SR 2R S TR R I G A 1R 100 4 ) T ) R 2R,
FOrp B R 2R A 188 AN SRAY A A FH 3 T v il 2 11 S0 2 Pl 48 AN 5, KE IR 32ms. JL AR 28 70 BRASE A (1) 2 4
BAE A Ri<0.3,n=2.

(a) Medial-Axis-Based ellipses generating algorithm (b) Sample-Based ellipses generating algorithm

(a) F T rh Rl 2 A o] /1 1 Bk (b) FETRAE AT HOMG I 7E e S

Fig.9 Modeling results using different algorithms to approximate the given 2D silhouette curve

B9 SRAIAN TR RO 6] 2 Bl Sk A — Uk 8 Rk HEAT T8 BRA A 21U 1) &4 2R LR

WAACE
'
K
)

'Y W
j B
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Fig.10 Hand model constructed using the ellipsoidal metaballs

B 10 A HTRER 7R 0 BRAE RR el s 110 T (X AR

F T ook e =t TR E A DG B 0 0, BB kT B B % TR AR AR 2 JRATTA 3L 43 il 2 AN 21 B 4 AEAS
IFi) B4 R0 28 7 1) /) 8 T AN ) 2 338 0 () 44 4 JBR 2, 536 20 M HE X 2 Py o 0 B 2 A B 0 2R n 31 L 58
Y o f 220 5 il — AN EL A DG 2T 10 52 A0 X T — 4 ARG B 4R A AR il — ik o Bk B =X it L P
AT DA B0 B 1 0T R bR B AT — S L T A 1 e 4 R AT R 2 O R R X R, — N B R
e G5 R T A AR i ok T B 11 s B 1) 4 H T S 8 AN AL o IR S8 B2k, B 11(b) & AN IR £
F B JUA S BG4 A 10— 2 Ji5 R4t 110 T A58 280 A8 (14 i A 261 A2 14D s 3o ot T 4 A2 A7 P Bk 284 ek ot T 44
I, R TER I T 2500 R =R 2=Ri p,n=2.

Bl 12 25 HH R A7 A H AT 11 36 28 75 929 A B 1 A - S FRIASE 284 () HE AT A1 7R /9808 4 1) R g BRAT A
FE 124 MMM ARG EREE Ly A Ly #4938 H AN 3007 (0 o 3K i T80, 5 0 9 AN 7o 3R i T 2 D) 147 A0 2R Jon (&
12(0)Fr7R) FIAR /R BT ] 12(c)~ B 12(d) )iz S50 T BR R Ly, I 12(0)~El 12(d)F, & & I A JaEk z 77 1)
14 Ri=0.1, 2, =0 ,n=d, M0 A2 e B JFBE 0 0.2 (1153 A KR (1 AR 6 T Lo, 72181 12(b) 0, AT e T AT 0K 2
T AR Ri=0.05, JUERk Ly 2 MARA 7, =0.1,n=6;18 12(c)H,R;=0.05, z, =0.05 ,n=6;5] 12(d)",R;=0.1,

z, = 0,n=6.
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(a) 2D silhouette curves of different parts

(a) BAEBIY B — Y Fe J5R 2

(b) Horse model in two different views

(b) PHASAN R R R AR o 0 Hh A2

Fig.11 A horse model constructed with multiple silhouette curves

K11 2 A e B IE A D R

]

(a) Two silhouette curves (b) An embossment by (c) A sculpture by (d) A hollowing model by
a Boolean addition a Boolean subtraction a Boolean subtraction
(a) PIZRHRIREL (b) /RIS FIRAFFHERCR (o) /RIS HIRAFMHRACR (d) ARz SRS B s R

Fig.12 Different results generated from two silhouette curves by Boolean operations

P12 A A 0 e 2 B PR LR AR R AT AT /R S A4S S R 28 R

ASSCR T of e T o o e e A B I ol o 03 TR S, R AR A T S o) i
P15 m ol 1B H A6 20 B2 2 A TR 2 P FR) 0 58 BB e R U A ) 4 s e T sl A [0 ) S — A e 2k 3 i, o
PP BEAS 2R (0 i 0 1, Y A AT T 225 TR PR 55 =S4k P A R TR IROGER R e 1K) = 4 T 1k ek R 8 T BRI
TR S BOEAT AL 5 K 36t A 0 30 45 5 — o e ke 1) — A 7Y 30 3oL S 6 AT 1 A DL, A B T 48 R e () 2R
A A 530 R D A e G e T LAl i s A () B0, S REA B8 A3 BE A PO BTN S5 ST 4t T A 2 R
e TRV [ 2 75 1R 77 i — Tl R AE SCHR[24] 7 19 25 T rp Al 2 1) Bl 0o AR J Sk IR etk L™ e e 0, — PO 3 T
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YRR AR ISR B I R N T A = AR, TIRAT A PR AR DA S A R AT R R A 3 O LR AL T
2 M) I A v S 3 AR S Bt Y 1 e o AR P AN ok 25 0 ok 6 v 7 I o b v R EE = 2 o o ) 4
Jo AR I BATT K 5 35 A T A, T LR B — 28 i -, HE S AR R A 1] 6 B o, O RESCBLAT 2R N s Jdd AR 11
K12 s,

SR, BRATT IR 3 2 75 923 LAY — 5 (10 = B (1) A T e Tl 7 7 Tk 8 a4 828 IR R Al 8 s A5 7 11 2
AU~ URFAE(2) HY — 46 58 B LA 3 H FRAE 2R~ 0 ok 1), U4 R EE 2o A1 % /o i S 52 B A2 2% T R )
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